of herbage yield due to overstory is more pronounced on heavy clay soils such as the Springerville series (Jameson and Dodd, 1969) . Dense stands of Utah juniper,3 the most common juniper in Arizona woodlands, can so dominate a site that the soil surface is nearly barren of understory grasses and forbs.
Interest has been widespread in removing pinyon-juniper overstory to improve the range forage supply and increase overland water yields. The advisability of juniper conversion on Springerville soils has been questioned, however, because of the difficulty in subsequently establishing forage grasses.
In this study we examined (1) the relationships of herbage production on Springerville soils to Utah juniper overstory, and (2) the response of understory plant yields to the cabling of Utah juniper and the seeding of forage species. Arnold et al. (1964) abruptly released suppressed halfshrubs, mainly broom snakeweed. Mid-grasses increased slowly after juniper control, short-grasses increased at least up through the fifth year, and perennial forbs showed no marked response. Annuals increased during the first two growing seasons after juniper removal, and declined after the fifth season as they were displaced by perennials.
Total herbage production reached a peak approximately 10 years after juniper control.
In an Arizona study on limestone soils, perennial grass yields on droughty sites had not increased 4 to 5 years after removal of pinyon-juniper.
On sites with higher rainfall, perennial grasses had increased two to four times (O'Rourke and Ogden, 1969) .
Study Area and Methods
The study was made in the Utah juniper subtype of the pinyonjuniper woodland at an elevational range of 5,200 to 5,800 ft, on the Beaver Creek Pilot Watershed (Worley, 1965) , approximately 40 miles south of Flagstaff.
Precipitation falls in two distinct periods-as rain in July and August, and as snow or rain from December to March.
Mean annual precipitation for the period of the study (1959 to 1969) 
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the air in 1961 with a mixture of grasses and sweetclover. Trees on one of the small areas were removed in 1963, and the area was seeded the same year from the ground by means of cyclone hand seeders. On both areas, large trees were uprooted by a heavy cable pulled by two crawler-tractors.
Remaining small trees were hand chopped, and slash was burned.
Two of the small experimental areas were maintained as controls.
The seed mixture applied on the large area, in total amounts of 1 to 6 lb./acre, included sweetclover and five grasses:
side-oats grama, blue grama, weeping lovegrass, sand dropseed, and wheatgrass. The seed mixture, in lb./acre, on the small area included the following forage plants:
weeping lovegrass, 3.0; side-oats grama, 1.8; western wheatgrass, 0.7; Lehmann lovegrass, 0.6; and yellow sweetclover, 0.6; alkali sacaton, 0.2; fourwing saltbush, 0.1; and true mountainmahogany, 0.1 (Brown, 1965) .
Herbage was sampled on a total of 52 clusters of five systematically distributed 9.6-ft2 plots-12 clusters on the large area and 40 oln the small areas. Pretreatment and posttreatment measurements were made on the small areas, but only posttreatment measurements were made on the large area. 
Production of Understory Vegetation

Overstory Intact
Yields of understory vegetation (grasses, forbs, half-shrubs, and shrubs) decreased as the overstory of Utah juniper increased.
The relationships were significant, but not strong (Fig. 2) . The few areas with a strong perennial grass cover occurred on the upper, rockier portions of the slopes where the trees were smaller and more scattered.
The most productive species under an intact overstory were sideoats grama, broom snakeweed, and shrub live oak ( Table  2) . Yields of understory vegetation averaged 223 lb./acre annually. The coefficient of variation among clusters was 71yo and among years was 207,.
Annual grass yields were found to be significantly related to JuneAugust precipitation, perennial grass yields to January-August precipitation, and shrub yields to January-May precipitation (Fig. 3) 1 Individual species that contributed 5 lb. / acre or more in either category are listed.
Other species such as purple head grassnuts, biscuitroot, bladderpod, and deervetch are often apparent in spring, but disappear before fall measurements.
Overstory Removed
Yields of perennial grasses after release were not highly predictable. Where seeeding was not successful Relationships of annual grass, perennial grass, and shrub yields on an undisturbed experimental area to precipitation.
and native perennial grass remnants were present, yields of perennial grasses were related to time after release and to precipitation. If seeded grasses were successfully established, the yields of perennial grasses increased rapidly the first several years and then fluctuated. Generally, seeding was unsuccessful on the large juniper conversion area and moderately successful on the small experimental area.
Side-oats grama, lovegrasses, broom snakeweed, common sunflower, annual goldeneye, and shrub live oak were the most productive species on the cabled areas. Annual yields of understory vegetation averaged 981 lb./ acre (Table Z) , 758 lb./acre greater than on the intact areas. Roughly one-fifth of this difference in understory yields was in perennial grasses. The coefficient of variation among clusters was 610;1, and among years was 41%.
Annual grass and shrub yields did not correlate with differences in precipitation as they did on areas with an intact overstory. Annual goldeneye, an undesirable species which was present in little more than trace amounts under heavy juniper stands, responded strongly to the amount of summer moisture after release (Fig. 4) and became dominant in wet summers. Annual goldeneye has been reported to cause livestock losses when grazed during blooming (Sommerville, 1968).
After 2 years of heavy precipitation (1964 and 1965) , the yields of all cabled areas increased relative to undisturbed conditions (Fig. 5) . The following year the precipitation was low and the yield of the intact area fell. The yields of the cabled areas with some seeding success were maintained for an additional year, but declined strongly by 1968. This continuation of higher yields into the first dry year is probably a reflection of the upward trend of size and density of new forage plants. In 1969, yields of the native grasses increased, replacing the yields elf the exo,tic lovegrasses which remained low.
Bare soil occupied 36% of the cabled area, and litter covered 22%. Perennial grasses were recorded with 3% of the Parker loops, and combined perennial plants with 8%. These readings were little different from the areas where the juniper overstory was intact.
Successional Trends
Yields of native perennial grasses, most forbs, half-shrubs, and shrubs on the cabled areas tended to increase through time. Yields of the exotic lovegrasses peaked after 4 to 6 years, however, and then declined. Pond (1968) reported a similar pattern. The proportion of lovegrass to total perennial grass decreased from 36y0 to 18% during 1965 to 1969 as native species replaced exotics.
The understory yields did not closely follow the pattern or timetable suggested by Arnold et al. (1964) .
Ten years after cabling, many clusters were still in the broom snakeweed (a half-shrub) and annual goldeneye (an annual) stage where they began (Table 3) . The clusters which initially had little seeded or native perennial grass were still producing no more perennial grass than the average untreated cluster (Table 2) . Obviously, the smooth hypothesized successional sequence often does not occur, and many areas will remain in a pioneerlike stage for years after 
